Introduction
S. thea (Osbeck) M.C. Johnst., locally known as "Sangdong," is a shrub belonging to the Rhamnaceae family and grows along the seashore (1) . In Korea, the leaves have been used in traditional tea and medicine for treatment of cold and fever (1, 2) . S. thea is also a traditional Chinese medicine for hepatitis (2) . Studies regarding the medical properties of S. thea leaves have been published, which include their antioxidant activity (1, 2) and inhibitory activity on HIV-1 protease (3); However, to date, no report on the cell cytotoxicity and its relation with antioxidant activity of S. thea has been found in the literature.
Cancer is currently a significant chronic disease that leads to an increase in the death worldwide (4) . Cancer can occur due to reactive oxygen species (ROS), which damage the DNA, proteins, and lipids, ultimately leading to mutations that transform normal cells into cancer cells. ROS are produced by endogenous and exogenous stimuli (5) . Cells maintain the redox equilibrium through the endogenous antioxidant defense systems, which are balanced between the generation and scavenging of ROS (6) . Failure of apoptosis and increased rate of cell survival occurs due to DNA damage and subsequently results in the tumorigenesis (7) . Because in vivo and in vitro studies demonstrated that excessive intracellular ROS affect an early event of cancer initiation and progression, several antioxidants are used in therapeutic agents to prevent cancer develpment via decreasing the intracellular ROS levels (8) . Antioxidants can suppress the propagation of cancer cells through defense mechanisms that resist oxidative stress (9) .
Effective synthetic antioxidants, including butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), are generally used in food processing industries; however, these synthetics are suspected of being responsible for toxicities and carcinogenesis (10) . Thus, new and safe antioxidants from natural sources must be identified to replace these synthetic antioxidants. Previous studies reveal that many plant have great antioxidant activity and can be used as potential sources of safe antioxidants (11, 12) . The antioxidant effect of plant products is associated with the antiproliferative activity of cancer cells. Many plants with antioxidant properties are used as valuable therapeutic and preventive agents for different carcinoma cell lines induced by free radicals (13) . In particular, quercetin, a plant-derived antioxidant found in many fruits and vegetables, is one of the most potent free radical scavengers. The proliferation and survival of cancer cells may be prevented by long-term exposure to quercetin (8, 14) . Curcumin, a natural polyphenol derived from the rhizome of turmeric, also shows strong antioxidant activities, antiproliferative activities, and antimetastasis (15) .
The purpose of this study was to evaluate the antioxidant capacity and cytotoxicity of S. thea on human cancer cells. In addition, the correlation between the antioxidant activities and cytotoxicity of S. thea was investigated along with chemical composition profiling by gas chromatography-mass spectrometry (GC-MS) analysis. To the best of our knowledge, this is the first research report on the antioxidant activities, cell cytotoxicity, and chemical composition of different solvent extracts of S. thea branches. Our results show that branches exhibit higher extraction yield and antioxidant activities than leaves; this result that may strongly enhance the utilization of S. thea.
Materials and Methods
Chemicals The Folin-Ciocalteu phenol reagent, sodium carbonate anhydrous, rutin, gallic acid, 2,2-azinobis(3-ethylbensothiazoline-6-sulfonic acid) diammonium salt (ABTS), pentadecanoinc acid, potassium peroxodisulfate, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azobis(2-methylpropionamid) dihydrochloride (AAPH), and α-(4-pyridyl-1-oxide)-N-tert-butylnitrone (4-POBN) were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Hoechst 33342, dimethyl sulfoxide (DMSO), and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from Amresco Inc. (Solon, OH, USA). The Roswell Park Memorial Institute (RPMI) medium, Dulbecco's modified Eagle's medium (DMEM), F-12K medium, trypsin/EDTA, fetal bovine serum (FBS), and 100x penicillin/ streptomycin solution were purchased from Invitrogen Inc. (Grand Island, NY, USA). Annexin V-FITC Apoptosis Detection Kit-1 was purchased from BD Biosciences (Franklin Lakes, NJ, USA). For GC-MS analysis, high-performance liquid chromatography (HPLC) grade solvents were purchased from Merck Inc. (Darmstadt, Germany). All standard chemicals and reagents were of analytical grade.
Plant materials The S. thea leaves and branches were locally collected from Seogwang, Jeju Island, in November 2013. Botanical samples were previously taxonomically identified, and voucher specimens were deposited by Dr. Hui Kim at Medicinal Plants Resources, Mokpo National University (Muan-gun, Jeollanam-do, Korea).
Extraction and fractionation The sample (70 g) was lyophilized for 1 day, pulverized, and extracted with 80% ethanol or methanol at room temperature with sonication (maximum 60 Hz) for 45 min. The extracts were filtered, concentrated with a vacuum rotary evaporator under reduced pressure at 40 o C, and lyophilized to afford crude extracts. The concentrated methanol extract of the branches was suspended in water and further fractionated by additional extraction with n-hexane, chloroform, ethyl acetate, and n-butanol in a stepwise manner. Each fraction was lyophilized to obtain the powder of the corresponding fractions of the branch extracts, and this powder was dissolved in 20 mg/mL dimethyl sulfoxide (DMSO) and diluted with DMSO to obtain the final required concentrations.
Determination of the total polyphenol and flavonoid contents The total polyphenol content was determined by a slightly modified method of Cheung et al. (16) . A 125 μL aliquot of the sample was mixed with 0.5 mL of Folin-Ciocalteu's phenol reagent. After 5 min, 1 mL of 10% (w/v) Na 2 CO 3 was added to the mixture. The reaction was performed in dark conditions for 30 min, after which its absorbance was recorded at 725 nm using a microplate reader (Sunrise, Tecan, Salzburg, Austria). Results were expressed as mg gallic acid equivalent (GAE)/g dry weight on the basis of the dried sample. The flavonoid content was measured using a previously developed colorimetric assay (17) . The absorbance was measured at 510 nm against the blank (DMSO), and the flavonoid content was expressed as mg rutin equivalents (RE)/g dry weight on the basis of the dried sample.
ABTS radical scavenging activity ABTS radical scavenging measurements were performed according to Gião et al. (18) . The ABTS radical cation was generated by adding 7 mM ABTS to a 2.45 mM potassium persulphate solution and allowing the mixture to stand in dark conditions at room temperature for 16 h before use. To obtain an absorbance of 0.700±0.005 at 734 nm measured with a UV 1800 spectrophotometer (Shimadzu, Kyoto, Japan), the stock solution was diluted with distilled water as required. Further, 100 μL of the sample was added to 900 μL of this diluted stock solution, and the absorbance was determined after 2 min of initial mixing. The percentage of scavenging activity was calculated as the percentage reduction in absorbance.
Alkyl radical scavenging activity Alkyl radicals were generated by reaction mixtures containing 40 mM AAPH and 40 mM 4-POBN (19) . This solution and sample mixture were incubated at 37 o C in a water bath for 30 min, and then transferred to 50 μL Teflon capillary tubes. The radical scavenging activity was measured using a JES-FA200 ESR spectrometer (JEOL, Tokyo, Japan). The measurement conditions were as follows: magnetic field, 336.000 mT; power, 7 mW; sweep time, 30 s; sweep width, 10 mT; frequency, 9.43 GHz; modulation width, 0.2 mT; time constant, 0.03 s. The radical scavenging activities were calculated according to the following formula: (control grouptreated group)/(control group)×100%. Signal intensity was compared on the basis of the ratio against the magnetic marker (standard of ESR, Mn 2 + marker) and was represented by relative height ratio.
DPPH radical scavenging activity DPPH radicals were measured using a JES-FA200 ESR spectrometer by a previously described method (20) . A 30 μL sample was added to 30 μL of 60 μM DPPH, mixed vigorously, and allowed to stand for 2 min. The solution was transferred to 50 μL Teflon capillary tubes and the radical scavenging activity was measured. The measurement conditions were as follows: magnetic field, 336.000 mT; power, 5 mW; sweep time, 30 s; sweep width, 10 mT; frequency, 9.43 GHz; modulation width, 0.8 mT; time constant, 0.03 s. The radical scavenging activities were calculated according to the following formula: (control group-treated group)/ (control group)×100%. Signal intensity was compared on the basis of the ratio against the magnetic marker (standard of ESR, Mn 2 + marker) and was represented by relative height ratio.
Cell culture Cancer cell lines, including AGS, a human gastric adenocarcinoma cell line, A549, human lung carcinoma, MDA-MB-231, a human breast adenocarcinoma cell line, and SNU-1 and SNU-16, human gastric carcinoma cell lines, were obtained from the Korean Cell Line Bank (Seoul, Korea). The cell lines were cultured in DMEM, RPMI 1640, or F-12K containing 10% (v/v) heat-inactivated FBS, 100 units/mL penicillin, and 100 μg/mL streptomycin. The cells were maintained in a humidified incubator at 37
Cell viability assay The effects of S. thea on the viability of different cancer cell lines were determined by MTT colorimetric assay according to a previously described protocol (21) . Briefly, AGS, A549, and MDA-MB-231 cells (3×10 Cytometric analysis An Annexin V-FITC Apoptosis Detection Kit-1 was used to distinguish apoptosis. The cells were washed with PBS, harvested, diluted in a buffer containing Annexin V and PI, and incubated for 15 min at room temperature. These analyses were performed using a FACS caliber flow cytometer (BD Biosciences). Each sample was analyzed by counting 10,000 cells and the data were analyzed using the Cell Quist Software (BD Biosciences). Statistical analysis All experimental results were expressed as mean±SD with samples run in triplicate. Analysis of variance (ANOVA) and Pearson's correlation were analyzed using SPSS software (version 18.0; SPSS Inc., Chicago, IL, USA).
Chemical composition by GC-MS GC-MS analysis was conducted

Results and Discussion
Determination of antioxidant activities of different S. thea extracts The leaves of S. thea are small in size and may not be effectively utilized (22) ; therefore, the branches were evaluated and compared with the leaves alone on antiodixant capacity. Thus, the methanol extract of branches (MB), ethanol extract of branches (EB), methanol extract of leaves (ML), and ethanol extract of leaves (EL) were prepared. The extraction yields from MB were the highest (20.4%), followed by EB, EL, and ML (19.3, 15.4, and 9.7%, respectively). Phenolic compounds could be the major determinants of the antioxidant capacity of different plants (23) . Therefore, the contents of total polyphenol and flavonoid were measured and expressed as mg GAE/g and mg RE/g of extracts, respectively. Among the extracts, MB was the richest extract of S. thea in polyphenol and flavonoid with values of 37.2 mg GAE/g and 7.8 mg RE/g, respectively ( Table 1) . The ABTS, alkyl, and DPPH assays were accessed for comparison with the free radical scavenging activities of S. thea extracts. As shown in Table 2 , the MB showed IC 8.4 μg/mL of DPPH radical scavenging activity, respectively. The contents of total polyphenol, flavonoid, and free radical scavenging activities were higher in the MB than in the EB. It was also observed that the branch extracts have higher extraction yields and antioxidant effects than leaves. Thus, the MB was selected to investigate antioxidant activities and cell cytotoxicity.
Antioxidant activities of the stepwise partitioned solvent fractions of the MB The MB was sequentially fractionated on the basis of solvent polarities such as n-hexane, chloroform, ethyl acetate, nbutanol, and water. As shown in Table 1 and 2, the contents of total polyphenol and flavonoid and the free radical scavenging activities 4.5±0.4 9.8±0.6 9.8±0.5 7.6±1.0
)
Values are mean±SD (n=3).
EL, ethanol extract of leaves alone; EB, ethanol extract of branches; ML, methanol extract of leaves alone; MB, methanol extract of branches; HF, nhexane fraction of MB; CF, chloroform fraction of MB; EF, ethyl acetate fraction of MB; BF, n-butanol fraction of MB; WF, water fraction of MB
GAE, gallic acid equivalents; RE, rutin equivalents
ND, Not detected The half maximal inhibitory concentration on radical scavenging activity. Values are mean±SD (n=3).
EL, ethanol extract of leaves alone; EB, ethanol extract of branches; ML, methanol extract of leaves alone; MB, methanol extract of branches; HF, nhexane fraction of MB; CF, chloroform fraction of MB; EF, ethyl acetate fraction of MB; BF, n-butanol fraction of MB; WF, water fraction of MB were accessed with the MB and stepwise partitioned solvent fractions. From Table 1 , it can be observed that total polyphenol and flavonoid contents were the highest in the ethyl acetate fraction (EF) as 57.9 mg GAE/g and 9.8 mg RE/g respectively, and the n-butanol fraction (BF) had the next highest content (40.8 mg GAE/g and 9.8 mg RE/g, respectively) followed by MB, water fraction (WF), chloroform fraction (CF), and n-hexane fraction (HF). A similar tendency was observed in radical scavenging activities and total polyphetnol and flavonoid contents, the EF and BF presenting the best activities in ABTS (IC 4.8 and 7.0 μg/mL, respectively; Table 2 ). These results indicate that the EF and BF constituents may contribute to free radical scavenging and effectively prevent cancer formation or progression. Previous studies have shown that fractions with antioxidant properties helped in preventing cancer (24, 25) .
The MB and stepwise partitioned solvent fractions induce apoptosis in MDA-MB-231 cells The cytotoxicity effect of the MB and stepwise partitioned solvent fractions on different human cancer cell lines (AGS, A549, MDA-MB-231, SNU-1, and SNU-16 cells) were evaluated by MTT assays (Fig. 1) . The MB and stepwise partitioned solvent fractions induced significant increase in cytotoxicity of the MDA-MB-231 cells in a concentration-dependent manner. The cell viability against MDA-MB-231 cells were observed to be 42.7% of MB, 52.1% of EF, 49.0% of BF, and 46.8% of WF, whereas 78.4% of HF and 72.9% of CF at a concentration of 100 μg/mL after a 24 h incubation. Interestingly, the fractions with higher cytotoxicity, such as MB, EF, BF, and WF, exhibited the highest antioxidant activities among the fractions. Apoptotic cell death is characterized by distinct features such as cell shrinkage, blebbing, nuclear condensation, and fragmentation (26) . To evaluate the effect of these fractions on apoptotic cell death, MDA-MB-231 cells were treated with the Fig. 2A and 2B) . Furthermore, flow cytometric analysis through annexin V/PI double staining showed that MB and its fractions increased the proportion of annexin V-positive cells (Fig. 2C) . The percentage of total apoptotic cells increase from 4.5% of control to 52.2% of BF, 51.7% of MB, 44.5% of EF, 39.8% of HF, 37.5% of WF, and 9.2% of CF. These results suggest that the MB and its fractions inhibit MDA-MB-231 cell proliferation by apoptosis and that S. thea may serve as therapeutic resources for treating the human breast cancer.
GC-MS analysis of the MB and stepwise partitioned solvent fractions The MB and stepwise partitioned solvent fractions were analyzed using GC-MS. The GC-MS analysis revealed total 18 compounds in MB, 23 compounds in HF, 20 compounds in CF, 18 compounds in EF, 19 compounds in BF, and 13 compounds in WF, respectively ( Table 3 ). The main constituent of the MB, HF, CF, EF, BF, and WF was identified as dilauryl thiodipropionate (DLTDP), phytol, friedelin, β-sitosterol, pentadecanoic acid, and DLTDP, respectively. Interestingly, MB, BF, and WF contained DLTDP, which is known to possess antioxidant activities (35.4, 16.6, and 25.5%, respectively) (27) .
Moreover, pentadecanoic acid, which has been reported to have antioxidant activity (28) and anticarcinogenic effects on cancer cells (29) , was detected in the EF (11.0%), BF (23.4%), and WF (5.81%). The cytotoxicity of EF, BF, WF could be due to pentadecanoic acid, whereas the cytotoxicity of HF on different cancer cells may be attributed to phytol, which has been reported to induce apoptosis in different human cancer cell lines (30) . EF had relatively less DLTDP (1.7%), but β-sitosterol was identified as the most abundant compound (59.5%), which has been known to have antioxidant activity (31) . Thus, the antioxidant activity of S. thea branches could be derived from DLTDP, pentadecanoic acid, and β-sitosterol as well as other polyphenols.
Pentadecanoic acid induces apoptosis in MDA-MB-231 cells The effect of different concentrations of pentadecanoic acid on the growth of MDA-MB-231 cells was examined using an MTT assay. As shown Fig. 3A , pentadecanoic acid reduced the viability of MDA-MB-231 cells in a concentration-dependent manner. To determine whether cell cytotoxicity of pentadecanoic acid was attributable to apoptosis, the morphology of MDA-MB-231 cells treated with different concentrations of pentadecanoic acid was examined by Hoechst 33342 staining. As shown in Fig. 3B , after treatment with pentadecanoic acid, MDA-MB-231 cells showed condensed chromatin and apoptotic bodies (arrows) from 1.1% in control cells to 31.3% in the cells treated with 500 μM pentadecanoic acid (Fig. 3C ). These Retention time
Compounds tentatively identified on the basis of parent molecular ions, retention times, retention indices, and elution order, as well as the fragmented spectra compared with the literature.
Peak area relative to the total peak area %.
MB, methanol extract of branches; HF, n-hexane fraction of MB; CF, chloroform fraction of MB; EF, ethyl acetate fraction of MB; BF, n-butanol fraction of MB; WF, water fraction of MB
ND, Not detected TPC, total polyphenol content; TFC, total flavonoid content 2 ) results suggest that pentadecanoic acid induces apoptosis in MDA-MB-231 cells and contributes to the cytotoxicity of S. thea.
Correlations between total polyphenol and flavonoid content with antioxidant activities or cytotoxicity Previous studies have reported on a correlation of phenolic content with antioxidant activities (24, 32) . As shown in Table 4 , there were significantly high correlations between polyphenol content and antioxidant activities, such as ABTS In conclusion, the branches of S. thea showed considerable antioxidant activities and cytotoxicity in human breast cancer cells. Therefore, they can be a natural source of antioxidants and a therapeutic resources for human breast cancer. The correlation of total polyphenol and flavonoid contents with antioxidant activities or cytotoxicity significantly (p<0.05) exists in each solvent fraction of the branches of S. thea. 
